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LUER TIP CAP HAVING REDUCED REMOVAL FORCE 
DESCRIPTION 

Technical Field 

The present invention relates generally to a cap for luer of a medical container, and 
more specifically to a tip cap for a syringe luer interface that reduces the removal force of the 
cap from the syringe luer interface. 

Background Prior Art 

Syringe bodies have been typically manufactured of glass. The glass syringe bodies 
are initially manufactured in a production plant. The syringe bodies are then packaged and 
shipped to a pharmaceutical plant where they are unpackaged, filled, sealed tightly, and 
sterilized. Finally, the syringe bodies are repackaged and ready to be delivered to the end 
user. This process is inefficient and costly. 

Recently, syringe bodies have been manufactured from polymeric resins. The 
polymeric syringe bodies replaced the glass syringe bodies which were costly to produce and 
caused difficulties during the manufacturing process because the glass would chip, crack, or 
break. The broken glass particles would not only become hazards to workers and 
manufacturing equipment, but could also become sealed within the glass syringe body 
causing a potential health hazard to a downstream patient. 

U.S. Patent No. 6,065,270 (the '270 patent), issued to Reinhard et al. and assigned to 
Schott Glaswerke of Germany, describes a method of producing a prefilled, sterile syringe 
body from a cyclic olefin copolymer (COC) resin. A COC polymer is useful in the 
manufacture of syringe bodies because it is generally clear and transparent. COC resins are, 
for example, disclosed in U.S. Patent No. 5,610,253 which is issued to Hatke et al. and 
assigned to Hoechst Akteiengesellschaft of Germany. 

The '270 patent includes a method of manufacturing a filled plastic syringe body for 
medical purposes. The syringe body comprises a barrel having a rear end which is open 
and an outlet end with a head molded thereon and designed to accommodate an injection 
element, a plunger stopper for insertion into the rear end of the barrel to seal it, and an 



-2- 



element for sealing the head. The method of manufacturing the syringe body includes the 
steps of: (1) forming the syringe body by injection molding a material into a core in a cavity 
of an injection mold, the mold having shape and preset inside dimensions; (2) opening the 
mold and removing the formed syringe body, said body having an initial temperature; (3) 
5 sealing one end of the barrel of the plastic syringe body; (4) siliconizing an inside wall 
surface of the barrel of the plastic syringe body immediately after the body is formed and 
while the body remains substantially at said initial temperature; (5) filling the plastic 
syringe body through the other end of the barrel of the plastic syringe body; and (6) sealing 
the other end of the barrel of the plastic syringe body, wherein the method is carried out in a 
10 controlled environment within a single continuous manufacturing line. According to the 
.. method of the '270 patent, the sterilization step is applied to the filled and completely sealed 

p ready-to-use syringe body. Historically, sterilization of finished syringe components (barrel, 

*g plunger, and tip cap) has been conducted using ethylene oxide, moist-heat or gamma 
I U irradiation. 

|jJL5 The luer tip of the syringe body typically includes a stopper mounted over the tip at 

*~ the distal end of the syringe barrel to prevent leakage of the contents of the syringe body and 

P to avoid contamination therein. Typically, the stopper comprises a tip cap that provides a 
q positive sealing engagement mechanism for the luer tip of the syringe body. 
^ Generally, the tip of the syringe body has an exterior geometry having a sloped outer 

f IJ20 wall. Accordingly, prior art tip caps are generally manufactured with an interior cavity 
having a reverse sloped inner wall that mates with the sloped outer wall of the tip of the 
syringe body (See Figure 1). Typically, the sloping inner diameter of the cavity of the tip cap 
is slightly smaller than the sloping outer diameter of the outer wall of the tip of the syringe 
body to provide a line-type interference fit. Specifically, at the distal end of the tip of one 
25 typical syringe body the outer diameter is 4.0 mm, and the mating interior diameter of the 

corresponding prior art tip cap shown in Figure 1 is 3.4 mm. This line-type of interference fit 
is provided to produce the positive sealing engagement thought to be desired between the tip 
cap and the syringe tip in the prior art devices. However, because of the geometry of the 
mating syringe tip and tip cap, during removal the Poisson Ration effect occurs. This lateral 
30 contraction, in addition to the line-type interference fit sometimes resulted in undesirable 
contact and removal forces. Additionally, in extreme cases, the increased contact and 
removal forces due to the line-type interference fit led to failure of the tip cap adjacent the 
internal protrusion thereof. 
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Other types of tip caps for syringes are known in the art. U.S. Patent No. 6,190,364 
(the '364 patent), issued to Imbert and assigned to Becton, Dickson and Company, describes 
another prior art tip cap for securely sealing the tip of a hypodermic syringe barrel. As 
shown in Figure 1 of the '364 patent, referenced as Figure 2 herein, the tip cap 154 of the 
5 '364 patent comprises two components: an inner cap 156 and an outer cap 158. The inner 

cap 156 is manufactured of an elastomeric material and frictionally and/or resiliendy engages 
portions of the syringe tip for sealing the passage through the tip. The outer cap 158 is 
manufactured of a rigid material which protectively encloses the inner cap. The tip cap 154 
of the '364 patent does not itself engage and secure the tip of the syringe barrel, but rather 
10 additionally requires a separate mounting collar 144. Thus, the mounting collar 144 engages 
the syringe tip and is also adapted to have the tip cap 154 secured thereto. 

C3 Summary of the Invention 

? jj The present invention provides a tip cap with a reduced removal force when being 

^jl5 removed from a luer tip. The tip cap comprising a body having an outer surface, a proximal 
CO end, a distal end, and an inner surface extending into the body at the proximal end to define a 

cavity. An annular ridge extends radially into the cavity from the inner surface of the body. 
W When connected to the luer tip, the annular ridge defines a contact area to engage the luer tip, 
Kt as well as a seal area between the tip cap and the luer tip. Additionally, the contact area of 
jrj^O the annular ridge decreases the surface area of contact between the tip cap and the luer tip. 

According to another aspect of the present invention, a plurality of annular ridges 
extend radially into the cavity from the inner surface of the body. 

According to another aspect of the present invention, the body of the tip cap, 
including the annular ridges, is a unitary element that is made as a single component. 
25 According to another aspect of the present invention, a removable tip cap is provided 

for a luer of a polymeric medical solution container. The tip cap has an integral body having 
an outer portion and a cavity extending to an inner portion. The cavity has a frustoconical 
inner surface and an annular ring extending from the inner surface radially toward a 
centerline of the tip cap. A protrusion is provided at a distal end of the cavity and is adapted 
30 to extend into a passage in the luer. 

According to another aspect of the present invention, the cavity has a proximal end 
and a distal end. A diameter of the proximal end of the cavity is larger than a diameter of the 
distal end of the cavity, a diameter of the distal end of the cavity is larger than a diameter at 
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the end of the luer, and a diameter of the proximal end of the cavity is larger than a diameter 
of the luer. 

According to another aspect of the present invention, a removable tip cap is provided 
for an elongated luer tip projecting from a distal end of a fluid chamber. The tip cap has an 
5 integral body having an outer surface, a proximal end, a distal end, and a cavity extending 
into the body at the proximal end thereof. The tip cap further has an inner surface having a 
plurality of adjacent annular ridges extending radially toward a centerline of the body to 
define the cavity. The plurality of annular ridges defines contact areas adapted to engage the 
luer tip. The contact areas decrease the area of contact area between the tip cap and the luer 
10 tip, and create annular seals with the luer tip. Each of the plurality of annular ridges defines 
an independent seal area with the luer tip. 
} j According to another aspect of the present invention, a removable tip cap is provided 

M for a luer of a polymeric medical solution container. The tip cap has an integral body having 
fjj an outer portion and a cavity extending adjacent a proximal end of the body to an inner 
» J5 portion thereof. The cavity further has a frustoconical inner surface and a plurality of annular 
10 rings extending from the inner surface radially toward a centerline of the tip cap. As such, 
P the tip cap is adapted to removably engage the luer of the solution container. 

^ According to another aspect of the present invention, a portion of the frustoconical 

v %j inner surface of the tip cap has a surface contact area less than a surface contact area of the 
fjfo luer. 

According to another aspect of the present invention, the annular rings provide an 
interference fit for securing the tip cap on the luer. Additionally, the annular rings provide 
for an incremental removal force during removal of the tip cap from the luer. 

According to yet another aspect of the present invention, a removable tip cap is 
25 provided for a luer of a syringe. The tip cap has an integral body having an outer portion and 
a frustoconical cavity extending to an inner portion, and a plurality of annular ridges 
extending into the cavity and defining annular contact areas engaging the luer of the syringe. 
The annular contact areas correspond to annular areas having increased contact pressures 
which decreases the contact pressure between the tip cap and the luer adjacent the distal 
30 portion of the tip cap. Furthermore, the annular contact areas result in incremental removal 
forces due to elongation of the tip cap during removal of the tip cap from the luer. 

Other features and advantages of the invention will be apparent from the following 
specification taken in conjunction with the following drawings. 
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Brief Description of the Drawing 

To understand the present invention, it will now be described by way of example, 
with reference to the accompanying drawings in which: 

Figure 1 is a side perspective view of a prior art tip cap for a syringe; 
5 Figure 2 is a prior art tip cap disclosed in U.S. Patent No. 6,190,364; 

Figure 3 is a perspective view of a syringe body with a tip cap of the present 
invention; 

Figure 4 is an exploded side cross-sectional view of the tip cap and the syringe body 
of the present invention; and, 
10 Figure 5 is a side cross-sectional view of the tip cap connected to the syringe body of 

Figure 4. 

|* 

?3" 

C3 Detailed Description of the Invention 

tD 

if{j While this invention is susceptible of embodiments in many different forms, there are 

i %5 shown in the drawings and will herein be described in detail, preferred embodiments of the 
C5 invention with the understanding that the present disclosures are to be considered as 
p exemplifications of the principles of the invention and are not intended to limit the broad 
^ aspects of the invention to the embodiments illustrated. 

*4 Referring now in detail to the Figures, and initially to Figures 3-5, there is shown a 

f Jo tip cap 10, constructed in accordance with the teachings of the present invention, for a 

solution container. Typically, the solution container will be a syringe 12 that has a syringe 
barrel 14 defining a fluid chamber 16 and an elongated luer or tip 18 projecting from a distal 
end 20 of the syringe barrel 14. The luer 18 of the syringe 14 has a narrow passage 22 that 
extends through the luer and which communicates with the fluid chamber 16 of the syringe 
25 barrel 14. In the past the prior art syringes 12 have been manufactured from glass. Recently, 
however, more syringes 12 have been manufactured from suitable polymers. 

The assignee of the present invention has filed application serial no.09/801,864, which 
is incorporated herein by reference and made a part hereof, for a syringe produced from 
cyclic olefin containing polymers or bridged polycyclic hydrocarbon containing polymers. 
30 These polymers, in some instances, shall be collectively referred to as COCs. The presently 
preferred COC is a norbornene and ethylene copolymer. These norbornene copolymers are 
described in detail in U.S. Patent Nos. 5,783,273, 5,744,664, 5,854,349, and 5,863,986. The 
norbornene ethylene copolymers preferably have from at least about 20 mole percent 
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norbornene monomer and more preferably from about 20 mole percent to about 75 mole 
percent and most preferably from about 30 mole percent to about 60 mole percent 
norbornene monomer or any combination or subcombination of ranges therein. The 
norbornene ethylene copolymer should have a glass transition temperature of from about 70- 
5 180°C, more preferably from about 70-130°C. The heat deflection temperature at 0.45 Mpa 
should be from about 70°C to about 200 °C, more preferably from about 75 °C to about 
150°C and most preferably from about 76 °C to about 149 °C. Also, in a preferred form of 
the invention, the COC is capable of withstanding, without significant heat distortion, 
sterilization by an autoclave process at 121 °C. Suitable copolymers are sold by Ticona 
10 under the tradename TOPAS under grades 6013, 6015 and 8007 (not autoclavable). TOP AS 
is the preferred copolymer utilized in a preferred embodiment of the syringe body. Other 
q suitable COCs are sold by Nippon Zeon under the tradename ZEONEX and ZEONOR, by 
°~ Daikyo Gomu Seiko under the tradename CZ resin, and by Mitsui Petrochemical Company 
fU under the tradename APEL. 

I $5 It has been found that the use of COC-based syringe bodies overcome many of the 

drawbacks associated with the use of glass syringe bodies. The biggest drawbacks of glass 
p syringe bodies are in connection with the handling of the glass syringes. For instance, the 

It glass syringes are often chipped, cracked, or broken during the manufacturing process. Glass 

^ particles may become trapped within the syringe bodies and subsequently sealed within the 

jfjj20 syringe barrel with the medical solution. This could be hazardous to a patient injected with 
the medical solution. Additionally, the glass particles could become a manufacturing hazard 
by causing injury to plant personnel or damage to expensive manufacturing equipment. 
While this specific syringe has been disclosed for illustrative purposes, one of ordinary skill 
in the art would understand that the tip cap 10 of the present invention would operate 
25 successfully with any type of syringe, whether made of glass, polymer or other material. 

Additionally, throughout this specification, syringes are used as an illustrative example of the 
type of container for which the tip cap is utilized, however, it should be understood that the 
tip cap of the present invention can be applied to any container, vial, other type of storage 
vessel, or IV kit without departing from the spirit of the invention. 
30 The tip cap 10 of the present invention is removable secured to the tip 18 of the 

syringe 12 to maintain a sterile barrier for the syringe 12 when secured thereto, yet to 
additionally have acceptable removal forces during removal thereof. It is known that typical 
prior art tip caps, such as shown in Figure 1, have undesirable localized contact pressures that 
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result in undesirable removal forces. Typically, these prior art tip caps have undesirable 
localized contact pressures between the tip cap and the syringe luer adjacent the opening of 
the passage in the syringe luer. In some instances, these localized contact pressures at this 
point have led to a failure of the tip cap. Thus, it has been determined that both the material 
5 and geometry of the tip cap, as well as the mating luer, contribute to the contact and removal 
forces. 

Additionally, while the removal forces and contact forces must be low enough such 
that the tip cap 10 is capable of being removed from the luer 18 without undesirable force 
required, the tip cap 10 must be capable of maintaining a secure seal with the luer 18 over an 
10 extended period of time, possibly including extended years of shelf-life. 

As shown in Figures 4 and 5, the removable tip cap 10 of the present invention 

U 

rjj comprises a body having a proximal end 24 and a distal end 26, and an outer surface 28 and 
^ an inner surface 30. The inner surface 30 of the tip cap 10 extends into the body of the tip 
fjj cap 10 at the proximal end 24 thereof to define a cavity 32. Annular ridges 34 protrude from 
I jj.5 the inner surface 30 and into the cavity 32 of the tip cap 10. As shown in Figure 4, the 
W annular ridges 34 may have a radius 35 at an edge thereof. The radius 35 on the annular 

p ridges 34 assists in providing decreased removal forces for the tip cap 10. The radius 35 on 

s if 

1* the annular ridges 34 is adapted to deform against the surface variations of the luer 18 in 

M 

N order to provide a positive seal therewith. As such, the annular ridges 34 provide an 
f jj20 interference fit for securing the tip cap 10 on the luer 18. 

It should be understood that in the preferred embodiment the annular ridges 34 
traverse a full 360° about the inner surface 30 of the cavity 32. Nevertheless, the annular 
ridges 34 may traverse about only a portion, or portions, of the inner surface 30 of the cavity 
32. As one of ordinary skill in the art would understand, the annular ridges 34 may be 
25 provided as protrusions on the inner surface 30 of the cavity 32 to operate as contact areas 36 
and to decrease the surface contact between the inner surface 30 of the tip cap 10 and the luer 
tip 18. 

In the embodiment illustrated in Figure 4, each of the plurality of adjacent annular 
ridges 34 extend from the inner surface 30 radially toward a centerline (C L ) of the tip cap 10. 
30 The annular ridges 34 define discrete contact areas 36 of the tip cap 10 (see Figure 5) that 
engage the luer 18 of the syringe 12 when connected thereto. This modified contact area 36 
of the tip cap 10 decreases the surface contact area between the inner surface 30 of the tip cap 
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10 and the syringe tip 18. Further, the contact pressure between the tip cap 10 and the luer 
tip 18 is significantly decreased at the distal end 40 of the cavity 32. 

Additionally, the contact area 36 between the tip cap 10 and the syringe tip 18 
provides an independent seal area to maintain a sterile barrier for the contents in the fluid 
5 chamber 16. When a plurality of annular ridges 34 are utilized, a plurality of independent 

and distinct seal areas are formed with the luer 18. In this embodiment, the seal areas as well 
as the contact areas 36 are annular. The seal area between the annular ridges 34 and the luer 
18 provides an increased seal over prior art tip caps. While three adjacent annular ridges 34 
are utilized in the preferred embodiment, it is understood that the use of one or more ridges 
10 34 is acceptable without departing from the spirit of the invention. 

The cavity 32 of the tip cap 10 also has a proximal end 38 and a distal end 40. The 
q proximal end 38 of the cavity 32 is the substantially the same as the proximal end 24 of the 
^3 tip cap 10. Additionally, in a preferred embodiment the cavity 32 of the tip cap 10 is 
f If frustoconical in shape, however, one of ordinary skill in the art would understand that other 
l Jl5 geometrical configurations of the cavity 32 may be possible without departing from the scope 
C8 of the present invention. With such a configuration, each cross section of the cavity 32 has a 
p diameter related therewith. As shown in Figure 4, the proximal end 38 of the cavity 32 has a 

diameter D 1 (not referenced) that is larger than a diameter D 2 (not referenced) of the distal 
M end 40 of the cavity 32. Additionally, as shown in Figure 5, the diameter D[ of the proximal 
?j]20 end 38 of the cavity 32 is larger than a diameter D 3 (not referenced) of the syringe tip 18 
adjacent the syringe barrel 14. Further as shown in Figure 5, in this embodiment the 
diameter D 2 of the distal end 40 of the cavity 32 is larger than a diameter D 4 (not referenced) 
at an end of the syringe tip 18. Because of the annular ridges 34, the surface area of the 
frustoconical inner surface 30 is less than the surface area of the luer 18. 
25 In a preferred embodiment, the diameter D 1 at the proximal end 38 of the cavity 32 is 

approximately 4.7 mm, the diameter D 2 at the distal end 40 of the cavity 32 is approximately 
4.3 mm, and the diameter D 4 at the end of the syringe tip 18 is approximately 4.0 mm. 
Similarly, in a preferred embodiment, the diameter of the edge of the first annular ridge 34 
adjacent the proximal end 38 of the cavity 32 is approximately 3.8 mm. 
30 A protrusion 35 extends from the inner surface 30 of the tip cap 10 at the distal end 

40 of the cavity 32. As shown in Figure 6, when the tip cap 10 is mated with the luer 18, the 
protrusion 35 is adapted to extend into the narrow passage 22 that extends through the luer 
18. Thus, the protrusion 35 operates as a seal for the passage 22 of the solution container 12. 



Unlike other prior art tip caps, a preferred embodiment of the tip cap 10 of the present 
invention is manufactured as a unitary element and is made as a single integral component. 
In a preferred embodiment, the tip cap 10 is fabricated from a polymeric material. Suitable 
polymeric materials include, but are not limited to, synthetic rubbers including styrene- 
butadiene copolymer, acrylonitrile-butadiene copolymer, neoprene, butyl rubber, 
bromobutyl rubber, polysulfide elastomer, urethane rubbers, stereo rubbers, ethylene- 
propylene elastomers. Additionally, a teflon coating, or other similar coatings such as 
parylene, may be utilized to further reduce the material effect of the tip cap removal force. 
Furthermore, the tip cap 10 or the luer 18 may be siliconized. In a preferred form of the 
invention, the elastomeric component is a halogenated butyl rubber and more preferably a 
chlorobutyl-based elastomer. Additionally, the tip cap 10 is preferably made by an 
compression molding process. 

With appropriate material and geometry combinations of the tip cap 10 and luer tip 
18, during removal of the tip cap 10, the annular ridges 34 on the inner surface 30 will 
provide for incremental removal of the tip cap 10 from the luer tip 18. Under such an 
appropriate configuration, the annular ridges 34 result in incremental removal forces due to 
elongation of portions of the tip cap 10 during removal of the tip cap 10 from the luer 18. As 
such, rather than incurring a single large removal force during removal of the tip cap, and 
often a single large removal force due to a large contact pressure at the distal end 40 of the 
cavity, the annular ridges provide to distribute the removal force among both various portions 
of the tip cap 10 as well as incrementally about the removal process. As such, a single large 
contact pressure, and thus a single large removal force is not incurred, and the possibility of 
failure of the tip cap is significantly reduced and likely eliminated. 

It will be understood that the invention may be embodied in other specific forms 
without departing from the spirit or central characteristics thereof. The present embodiments, 
therefore, are to be considered in all respects as illustrative and not restrictive, and the 
invention is not to be limited to the details given herein. 



